A single recessive mutation in the proteolytic machinery of Arabidopsis chloroplasts impairs photoprotection and photosynthesis upon cold stress.
Intracellular proteases, together with molecular chaperones, are components of the cellular protein quality control system. Although the identity of chloroplast proteases has been revealed in recent years, little is known about their regulation. As a first step towards identifying unknown functional or regulatory components of the chloroplast proteolytic machinery, a genetic screen was devised with the aim of generating Arabidopsis thaliana (L.) Heynh. mutants impaired in chloroplast protein degradation. A streptomycin-resistance gene was fused to a cDNA construct that encodes an unstable mutant of the OE33 protein. This chimeric gene was used for transforming Arabidopsis plants. Analysis of transgenic plants revealed a correlation between streptomycin resistance and accumulation of the recombinant fusion protein. Seeds from transgenic plants that were sensitive to streptomycin were chemically mutagenized and screened for resistance to streptomycin. Such resistance could be due to stabilization of the protein caused by a mutation in the chloroplast proteolytic machinery. Genetic analysis of one of the mutants showed the mutation to be recessive, in a single nuclear gene. Further characterization of the mutant revealed that it was not a result of increased transcription of the transgene. Moreover, chloroplast lysates from the mutant plant showed decreased ATP-dependent degradation of a chloroplast protein substrate, consistent with the conclusion that the mutation impaired the proteolytic machinery. Physiological analysis revealed that upon cold stress, photoprotection and photosynthesis in the mutant was inhibited, suggesting that the chloroplast proteolytic machinery is involved in repairing damage incurred to the photosynthetic machinery upon exposure to cold temperatures.